DESCRIPT 




METHOD FOR EFFICIENTLY PREPARING DNA INVERTED REPEAT SEQUENCE 
Technical Field 

The present invention relates to an RNA interference technique that can be used 
as a means for analyzing gene functions and that can be used for preparing functionally 
modified muteint animals or plants. 

The present invention further provides a method for efficiently preparing a 
chimera gene having an inverted repeat sequence of a DNA fragment of a target gene 
that is used for RNA interference and a cassette construct therefor. 

Background Art 

The antisense method (Non-Patent Document 1) and the sense method 
(Non-Patent Document 2) have been heretofore known as techniques for 
post-transcriptional regulation of gene expression. However, both of these techniques 
are insufficient in terms of efficiency of gene regulation in transformants. 

In recent years, double-stranded RNA (dsRNA) has been found to be more 
effective in regulation of lowering of post-transcriptional gene expression than antisense 
or sense RNA in Caenorhabditis elegans. This phenomenon is referred to as "RNAi." 
RNAi starts from degradation of dsRNA into small fragments referred to as small 
interfering RNAs or siRNAs mediated by a Dicer enzyme, which is a member of the 
RNase III nuclease family. 

Upon introduction of a very small amount of dsRNA into mammalian cells, 

interferon is generated, and apoptosis is induced. Accordingly, a method that would not 

induce apoptosis was studied. It was discovered that siRNA, which is short dsRNA 

generated upon Dicer-induced degradation of dsRNA, would not induce apoptosis and 

that it would be capable of post-transcriptional regulation. Further, several 

Caenorhabditis elegans genes were found to encode hairpin RNA and to regulate other 
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genes. Based on such findings, whether or not hairpin-folded small RNA could inhibit 
functions of a given gene instead of siRNA was examined. As a result, short hairpin 
RNA (shRNA) was found to be capable of regulating gene expression at the same level 
as siRNA. 

As a method for further efficiently suppressing post-transcriptional gene 
expression, a method involving the use of a chimera gene having an inverted repeat 
sequence of a DNA fragment of a target gene is known (Non-Patent Document 3). 

A method, wherein a chimera gene having an inverted repeat sequence of a DNA 
fragment of a target gene is stably introduced into an organism, and dsRNA generated 
upon such introduction in the organism induces degradation of endogenous RNA in a 
sequence-specific manner (i.e., RNA interference), has been extensively used as a means 
for effectively analyzing gene functions. 

A technique wherein homologous gene recombination is applied to the insertion 
of a DNA fragment of a target gene has been reported (Patent Document 1 ; Non-Patent 
Document 4). 

Patent Document 1 : U.S. Patent Publication No. 20030049835 

Non-Patent Document 1: Proc. Natl. Acad. Sci. U.S.A., Vol. 83, 5372-5376 

(cited in Non-Patent Document 3) 

Non-Patent Document 2: Plant Cell, Vol. 2, p. 291 (cited in Non-Patent 

Document 3) 

Non-Patent Document 3: The Plant Journal, Vol. 33, pp. 793-800 
Non-Patent Document 4: Plant J., 27, 581-590, 2001 

Disclosure of the Invention 

Conventional techniques for constructing a chimera gene having an inverted 

repeat sequence of a DNA fragment of a target gene (a target sequence) require separate 

insertion of the target sequence to 2 sites on an arbitrary vector, and usually on a plasmid 

vector, in sense and antisense orientations or vice versa. 
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In general, such target sequence insertion is carried out via cleavage of DNA 
with a restriction enzyme and via ligase-mediated binding. In order to accurately insert 
the target sequence in sense and antisense orientations or vice versa, restriction enzyme 
recognition sequences must be independently present at 2 target-sequence-insertion sites 
on the vector and the target sequence must have restriction enzyme recognition 
sequences corresponding to the target-sequence-insertion sites. 

Construction of a chimera gene having an inverted repeat sequence of a target 
sequence may be occasionally difficult via standard procedures, depending on the type of 
nucleotide sequence of the target sequence. Thus, this technique is not suitable for 
extensive analysis of gene functions. 

Also, a technique wherein homologous gene recombination is applied to target 
sequence insertion has been reported (Wesley et al., Plant J., 27, 581-590, 2001; U.S. 
Patent Publication No. 20030049835). In this technique, a pair of recognition 
sequences for an enzyme used for homologous gene recombination must be provided at 
both ends of the target sequence, and it is necessary to carry out PGR involving the use 
of an oligonucleotide primer specific to the nucleotide sequences at both ends of the 
target sequence or to insert a target sequence between a pair of recognition sequences of 
the enzyme used for homologous gene recombination on a vector. In order to construct 
a chimera gene having an inverted repeat sequence with the use of a target sequence 
comprising the aforementioned enzymes used for homologous gene recognition sequence, 
each target sequence must be independently subjected to homologous gene 
recombination. 

At the outset, a cassette construct, which is a DNA construct comprising an 

arbitrary nucleotide sequence (an adaptor sequence) and an inverted repeat nucleotide 

sequence of the adaptor sequence (an inverted adaptor sequence) separated by an 

arbitrary spacer sequence or a plasmid vector having such cassette construct 

incorporated therein is prepared. Subsequently, a DNA fragment of the target gene (the 

target sequence) is bound to either or both ends of the cassette construct. Alternatively, 

the target sequence is inserted into a site outside either end of the cassette construct on 
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the plasmid vector. Further, the cassette construct comprising the target sequence 
bound thereto is used as a template to conduct PGR with the use of a single type of 
primer corresponding to either end of the target sequence. Alternatively, the plasmid 
vector having the target sequence inserted therein is used as a template to conduct PGR 
with the use of a primer (primer A) corresponding to a nucleotide sequence of a plasmid 
vector located outside of the aforementioned target-sequence-insertion site and a primer 
(primer B) corresponding to a nucleotide sequence comprising an adaptor sequence or an 
inverted adaptor sequence located on the side of the cassette construct opposite from the 
target-sequence-insertion site and part of a spacer sequence. This can yield a 
double-stranded PGR product, i.e., a chimera gene that contains an inverted repeat 
sequence of the target sequence via a lariat configuration resulting from temporary 
annealing between the adaptor sequence and the inverted adaptor sequence in a single 
single-stranded PGR product generated upon PGR or via a dimmer configuration 
resulting from temporary annealing between these adaptor sequences of 2 
single-stranded PGR products, followed by elongation and PGR (Fig. 1 to Fig. 5). 

In the present invention, a cassette construct, which is a DNA construct 
comprising an arbitrary nucleotide sequence (an adaptor sequence) and an inverted 
repeat nucleotide sequence of the adaptor sequence (an inverted adaptor sequence) 
separated by an arbitrary spacer sequence or a plasmid vector having such cassette 
construct incorporated therein is first prepared. Thus, a chimera gene having an 
inverted repeat sequence of a target sequence as shown in Fig. 1 can be efficiently 
prepared in the same manner, regardless of the type of nucleotide sequence of the target 
sequence. 

When a large quantity of various genes are knocked out via the RNAi method, it 
is required that chimera genes having inverted repeat sequences of a target sequence can 
be easily prepared in the same manner. The present invention sufficiently satisfies such 
requirement. 

This description includes part or ail of the contents as disclosed in the 
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description and/or drawings of Japanese Patent Application No. 2003-330569, which is a 
priority document of the present application. 

Brief Description of the Drawings 

Fig. 1 schematically shows an inverted repeat sequence of a target sequence 
prepared in the present invention. 

Fig. 2 shows a procedure 1 for preparing a cassette construct. 

Fig. 3 shows a procedure 2 for preparing a cassette construct. 

Fig. 4 shows a procedure for preparing a plasmid vector for preparing an 
inverted repeat sequence of a target sequence comprising a cassette construct 
incorporated therein. 

Fig. 5 shows a procedure for preparing a chimera gene having an inverted repeat 
sequence of a target sequence. 

Fig. 6 illustrates a cassette construct 1 for facilitating target sequence binding. 

Fig. 7 illustrates a cassette construct 2 for facilitating target sequence binding. 

Fig. 8 illustrates a cassette construct 3 for facilitating target sequence binding. 

Fig. 9 illustrates a cassette construct 4 for facilitating target sequence binding. 

Fig. 10 illustrates a cassette construct 5 for facilitating target sequence binding. 

Fig. 1 1 illustrates a cassette construct 6 for facilitating target sequence binding. 

Fig. 12 shows an embodiment of modification of a plasmid vector for preparing 
an inverted repeat sequence of a target sequence comprising a cassette construct 
incorporated therein. 

Fig. 13 shows a method for preparing pGEMA and pGEMAS. 

Fig. 14 shows a method for preparing pRNAi. 

Fig. 15 shows a procedure for inserting the target sequence Z8755 into pRNAi. 
Fig. 16 shows a procedure for preparing a chimera gene having an inverted 
repeat sequence of the target sequence Z8755. 

Preferred Embodiments of the Invention 
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1 . Cassette construct 

. The present invention includes a DNA construct (a cassette construct) wherein 
an arbitrary sequence (a spacer or intervening sequence) is located between another 
arbitary nucleotide sequence (an adaptor sequence) and an inverted repeat nucleotide 
sequence of the adaptor sequence (an inverted adaptor sequence) (Figs. 2 and 3). 
1-1. Spacer sequence (intron) 

A spacer sequence must be a nucleotide sequence that is not related to a target 
sequence or an adaptor sequence (i.e., a sequence that does not complementarily bind to 
a target sequence or an adaptor sequence in vitro or in vivo). For example, an arbitrary 
sequence that does not complementarily hybridize to a target sequence or an adaptor 
sequence at the time of asymmetric PGR for chimera gene amplification can be used as a 
spacer sequence. A spacer sequence is preferably composed of 10 to 10,000 
nucleotides, and more preferably 50 to 2,000 nucleotides, so that inverted repeat adaptor 
sequences can easily complementarily anneal to each other in a single molecule in the 
state of single-stranded DNA or RNA and they can be easily amplified in E, coli. 
Specific examples of spacer sequences that can be used include a partial fragment of a 
green fluorescent protein (GFP) from Aequorea coerulescens or that of a 
P -glucuronidase (GUS) structural gene from E, coli. More preferable examples include 
intron sequences, such as an intron sequence from the fatty acid desaturase (FAD2) gene 
from Arabidopsis thaliana or that from the ABC transporter geiie of a fruit fly, so that a 
spacer sequence can be removed via splicing in the body of a plant, fruit fly, or the like. 
1-2. Adaptor sequence 

An adaptor sequence and an inverted adaptor sequence are each independently a 

nucleotide sequence that is not related to the nucleotide sequence of a target sequence, a 

spacer sequence, or a plasmid vector used (i.e., a sequence that does not 

complementarily bind to a target sequence, a spacer sequence, or a plasmid vector used 

in vitro or in vivo). Use of a sequence that enables annealing of an adaptor sequence to 

an inverted adaptor sequence under general PCR annealing conditions is preferable. 

Specifically, such sequence is designed to have 18 to 28 nucleotides, GC content of 50% 
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to 60%, and Tm of 55**C to 80**C, in general. More specifically, a lone linker sequence 
reported by Ko et al. can be used as an adaptor sequence and a complementary sequence 
thereof can be used as an inverted adaptor sequence (Ko, M. S. H. et al., Nucleic Acids 
Res., 18, pp. 4293-4294, 1990). 

An inverted adaptor sequence is not necessarily a completely inverted sequence 
of an adaptor sequence. However, it is necessary that such inverted adaptor sequence 
be able to complementarily hybridize to the target adaptor sequence at the time of 
asymmetric PGR for chimera gene amplification. 
2-1. Preparation of cassette construct 

The cassette construct can be prepared via conventional techniques. Preferably, 
a spacer sequence having blunt ends is first prepared, as shown in Fig. 2. Further, 
linlcer sequences each having a noncohesive protruding end and a blunt end, which are 
referred to as "lone linkers," can be ligated to the both blunt ends of the spacer sequence 
as an adaptor sequence and as an inverted adaptor sequence. Examples of lone linkers 
include LL-Sse8387I, such as LL-Sse8387IA (5'-GAGATATTACCTGCAGGTACTC-3') 
and LL-Sse8387IB (5'-GAGTACCTGCAGGTAATAT-3') and LL-Sall, such as LL-SallA 
(5'-ATTGACGTCGACTATCCAGG-3') and LL-SallB 

(5'-CCTGGATAGTCGACGTC-3') (Ko, M. S. H. et al., Nucleic Acids Res., 18, pp. 
4293-4294, 1990). LL-Sse8387IA,B or LL-SalIA,B is phosphorylated and annealed. 
The annealed LL-Sse8387I or LL-Sall is ligated to a spacer sequence having blunt ends. 
The thus prepared cassette construct can be amplified via PGR using, for example, 
LL-Sse8387I or LL-SallA as a primer. 

Alternatively, the cassette construct can be prepared in the following manner. 

A cassette construct is prepared on a plasmid vector via conventional techniques, and a 

portion of the cassette construct can be cleaved via restriction enzyme reaction or can be 

amplified via PGR. A cassette construct can be prepared on a plasmid vector by, for 

example, inserting an adaptor sequence and an inverted adaptor sequence at both ends of 

the spacer sequence on the plasmid vector comprising the spacer sequence inserted 

therein via a conventional technique, i.e., restriction enzyme reaction, followed by 
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ligation, as shown in Fig. 3A. Alternatively, an oligonucleotide having an adaptor 
sequence and an inverted adaptor sequence adjacent to each other and a recognition 
sequence for an arbitrary restriction enzyme between these adaptor sequences and an 
oligonucleotide consisting of a complementary strand of the former oligonucleotide are 
prepared as shown in Fig. 3B. These oligonucleotides are annealed to each other to 
prepare an inverted repeat adaptor sequence, the resultant is incorporated into an 
arbitrary plasmid vector, and a spacer sequence can be then inserted in the middle of the 
inverted repeat adaptor sequence with the use of the arbitrary restriction enzymes. 
Restriction enzymes, the recognition sites for which do not exist on an adaptor sequence, 
a plasmid vector, and a spacer sequence can be used as the aforementioned restriction 
enzymes. Preferably, restriction enzymes that generate cohesive ends with both ends of 
the spacer sequence to be inserted can be used. A plasmid vector for TA cloning, such 
as the pGEM-T Easy Vector (Promega), can be preferably used as the plasmid vector 
with the addition of a single nucleotide, i.e., adenine (A), to the 3' end of the 
oligonucleotide. 

2-2. Preparation of a plasmid vector for preparing an inverted repeat sequence of a target 

sequence comprising a cassette construct incorporated therein 

A plasmid vector for preparing an inverted repeat sequence of a target sequence 

comprising a cassette construct incorporated therein can be prepared via conventional 

techniques. For example, a restriction enzyme recognition site at which a target 

sequence can be inserted into the plasmid vector located adjacent to the cassette 

construct comprised in the plasmid vector 3 A and the plasmid vector 3B as shown in Fig. 

3 may be provided, and the resultant can be used as a plasmid vector for preparing an 

inverted repeat sequence of the target sequence having the cassette construct 

incorporated therein. Alternatively, a restriction enzyme recognition site that generates 

blunt ends on a plasmid vector adjacent to the cassette construct upon incorporation of 

the cassette construct prepared in 2-1 into an arbitrary plasmid vector may be provided 

as shown in Fig. 4. Thus, a plasmid vector for preparing an inverted repeat sequence of 

a target sequence that can easily insert a target sequence can be designed. 
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The plasmid vector having the cassette construct incorporated therein can be 
used for preparing the pool of chimera genes having inverted repeat sequences of a 
variety of gene DNA fragments based on cDNA of arbitrary animals or plants, and 
preferably based on homogenized cDNA. 

2-3. Binding of a target sequence to a cassette construct and insertion of a target 
sequence into a plasmid vector for preparing an inverted repeat sequence comprising a 
cassette construct incorporated therein 

A target sequence can be selected in accordance with the Patent Document 1 . 
For example, a DNA fragment of the gene, the phenotype expression of which is to be 
suppressed, can be used as a target sequence. A target sequence is composed of 10 to a 
number of nucleotides required for sufficiently suppressing the phenotype expression of 
the target sequence, and such number is preferably at least 19 nucleotides, at least 21 
nucleotides, at least 25 nucleotides, at least about 50 nucleotides, at least about 100 
nucleotides, at least about 150 nucleotides, at least about 200 nucleotides, or at least 
about 500 nucleotides. A target sequence may be composed of about 1,000 nucleotides, 
if possible. 

A target sequence is bound to either or both ends of a cassette construct. In 
such a case, use of a target sequence having unphosphorylated blunt ends is preferable. 
Such target sequence can be prepared via PCR with the use of a set of primers having the 
dephosphorylated 5' end and thermostable DNA polymerase that does not add (dA) to the 
3' end or via PCR with the use of common thermostable polymerase, followed by 
removal of a (dA) protrusion at the 3' end via conventional techniques and 
dephosphorylation of PCR products. Alternatively, PCR is carried out with the use of a 
set of primers having the phosphorylated 5' end and thermostable DNA polymerase that 
does not add (dA) to the 3' end, followed by dephosphorylation of the 5' end of PCR 
products. Thus, a target sequence of interest can be prepared. 

A target sequence is inserted into a site outside of an adaptor sequence or an 

inverted adaptor sequence on a plasmid vector for preparing an inverted repeat sequence 

of the target sequence, which comprises the cassette construct incorporated therein. 
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Preferably, a DNA fragment of the target sequence is inserted into a site outside one end 
of the cassette construct with the use of a restriction enzyme, and the recognition 
sequence for which is present at a site outside one end of the cassette construct on the 
plasmid vector only. More preferably, a target gene is inserted into a site outside either 
end of the cassette construct, where it is proximal to the cassette construct. When a 
recognition sequence of the blunt-end-generating restriction enzyme is located outside 
the adaptor sequence, for example, the plasmid vector is cleaved with such restriction 
enzyme, and the cleavage product can be ligated to a blunt-ended target sequence with 
the aid of a ligase. When another restriction enzyme recognition sequence is present 
outside the adaptor sequence, a plasmid vector and the target sequence are treated with 
the same restriction enzyme, and they are allowed to bind to each other at their cohesive 
ends. 

2-4. Modification of a cassette construct (pretreatment for binding a target sequence to 
either or both ends of a cassette construct) 

In order to facilitate the binding of the target sequence to the cassette construct 
and the preparation of an inverted repeat sequence of the target sequence via PGR using 
the cassette construct having the target sequence bound thereto as a template, either or 
both ends of the cassette construct can be modified as a pretreatment. 

Cassette constructs for facilitating target sequence binding are as described 

below. 

The cassette construct 1 for facilitating target sequence binding shown in Fig. 6 

(hereafter abbreviated to "CCl") is designed to facilitate the binding of the target 

sequence, both ends of which are dephosphorylated, via phosphorylation of both 5' ends. 

CCl can be easily prepared with the use of thermostable DNA polymerase that does not 

add (dA) to the 3' end, such as KOD-Plus- (Toyobo). The cassette construct 2 for 

facilitating target sequence binding shown in Fig. 7 (CC2) is designed to facilitate the 

binding of the target sequence, both ends of which are dephosphorylated, to a single end 

of the cassette construct via phosphorylation of a single end. 

The cassette construct 3 for facilitating target sequence binding shown in Fig. 8 

10 



(CCS) is designed to facilitate the binding of the target sequence, which is amplified 
with the use of common thermostable DNA polymerase that adds (dA) to the 3 ' end and 
both ends of which are dephosphorylated, to the 3' end of the cassette construct via 
addition of (dT) to both 3 ' ends of CC 1 . 

The cassette construct 4 for facilitating target sequence binding shown in Fig. 9 
(CC4) is designed to facilitate the binding of the target sequence, which is amplified 
with the use of common thermostable DNA polymerase that adds (dA) to the 3 ' end and 
both ends of which are dephosphorylated, to a single 3' end of the cassette construct via 
addition of (dT) and phosphorylation of such single 3' end. 

The cassette construct 5 for facilitating target sequence binding shown in Fig. 1 0 
(CC5) is designed to facilitate the binding of the target sequence to a single end of the 
cassette construct via addition of topoisomerase I (Invitrogen) and phosphorylation of a 
single 3' end. 

The cassette construct 6 for facilitating target sequence binding shown in Fig. 1 1 
(CC6) is designed to facilitate the binding of the target sequence, which is amplified 
with the use of common thermostable DNA polymerase that adds (dA) to the 3' end and 
both ends of which are dephosphorylated, to a single end of the cassette construct via 
addition of (dT) and topoisomerase I to a single 3' end and phosphorylation of such 
single 3' end. 

2-5. Modification of a plasmid vector for preparing an inverted repeat sequence of a 

target sequence comprising a cassette construct incorporated therein 

In order to facilitate the insertion of the target sequence into a plasmid vector for 

preparing an inverted repeat sequence of the target sequence comprising the cassette 

construct incorporated therein, the plasmid vector for preparing an inverted repeat 

sequence is cleaved with a restriction enzyme or the like, and the ends thereof can be 

processed so as to facilitate the insertion of the target sequence. More specifically, the 

cleaved ends are blunt-ended as with the case of pRNAi/blunt shown in Fig. 12, (dT) is 

added to the cleaved 3' end as with the case of pRNAiT shown in Fig. 12, topoisomerase 

I is added to the cleaved 3' end as with the case of pRNAiTP shown in Fig. 12, or (dT) 
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and topoisomerase I are added to the cleaved 3' end as with the case of pRNAiTTP 

shown in Fig. 12. 

3. Amplification of chimera gene 

A DNA product in which the target sequence has been bound to either or both 
ends of the cassette construct as shown in any of Fig. 6 to Fig. 11 is used as a template to 
conduct arbitrary gene amplification techniques, and preferably, PGR, with the use of a 
primer specific to one end of the target sequence (primer I or II). Thus, a chimera gene 
comprising a target sequence and an inverted repeat sequence thereof separated by the 
cassette construct can be prepared. Specifically, generation of a single-stranded DNA 
construct via thermal denaturation, PGR with the use of primer I or II may be carried out. 
Fig. 6 to Fig. 11 show the examples of PGR with the sole use of a primer specific to the 
target sequence, and different linkers (or adaptors) can be ligated to both ends of a cDNA 
or genomic DNA fragment via conventional techniques. In such a case, a primer set of 
the linker (or adaptor) portion can be used instead of a primer specific to the target 
sequence. 

A plasmid vector comprising the target sequence inserted into a site located 
outside either end of the cassette construct is used as a template to conduct arbitrary gene 
amplification techniques, and preferably asymmetric PGR (in which the amount of a 
primer used is excessively large compared with another primer; asymmetric 
amplification, 4-1-2-6, "Amplification and detection of nucleic acid,'' Standard 
Techniques, (the Japanese Patent Office)). Thus, a chimera gene comprising the target 
sequence and an inverted repeat sequence separated by the cassette construct can be 
prepared. A set of the following primers is used: (1) a part of a plasmid vector located 
on the opposite side of the cassette construct from the inserted target sequence; and (2) 
an oligonucleotide designed to comprise an adaptor sequence or an inverted adaptor 
sequence located at a position farther from the target sequence and part of a spacer 
sequence adjacent thereto. When asymmetric PGR is carried out, it is preferable to use 
the primer (1) in amounts that are 5, 10, or approximately 100 times or more greater than 
that of the primer (2). 
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An arbitrary sequence composed of several nucleotides may be incorporated into 
the 5' side of the primer to facilitate the incorporation of the amplified chimera genes 
into various types of vectors. 

The aforementioned asymmetric PCR results in amplification of excessive 
amounts of single-stranded PCR products composed of a target sequence, an adaptor 
sequence, a spacer sequence, and an inverted adaptor sequence ligated in that order. 
The adaptor sequence and part of the inverted adaptor sequence in the resulting 
single-stranded PCR product are temporarily annealed to each other in a single molecule 
to form a lariat configuration, or these sequences are annealed to each other between 2 
molecules, followed by elongation and PCR amplification with the sole use of the primer 
(1). Thus, a chimera gene having an inverted repeat sequence can be obtained as a 
double-stranded PCR product. 

Also, a chimera gene having a target sequence and an inverted repeat sequence 
thereof can be obtained as a double- stranded PCR product without asymmetric PCR. 
For example, general PCR (symmetric PCR) is carried out, a single-stranded PCR 
product elongated from the aforementioned primer (1), i.e., a single-stranded PCR 
product composed of a target sequence, an adaptor sequence, a spacer sequence, and an 
inverted adaptor sequence ligated in that order, is recovered, and the resultant is 
subjected to PCR with the sole use of the aforementioned primer (1). The adaptor 
sequence and part of the inverted adaptor sequence in the resulting single-stranded PCR 
product are temporarily annealed to each other in a single molecule to form a lariat 
configuration, or these sequences are smnealed to each other between 2 molecules, 
followed by elongation and PCR amplification with the sole use of the primer (1), Thus, 
a chimera gene having an inverted repeat sequence can be obtained as a double- stranded 
PCR product. 

4. Incorporation into expression vector and preparation of transformant 

An amplification product comprising the inverted repeat sequence of the target 

sequence can be incorporated into an adequate expression vector. 

The resulting expression vector can be introduced into a host cell, such as a 
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plant cell. 

Hereafter, the present invention is described in greater detail with reference to 
the examples, although the technical scope of the present invention is not limited thereto. 

Examples 
[Example 1] 

A chimera gene shown in Fig. 1 was prepared in accordance with the following 
steps (1) to (3) as an example of preparation of a chimera gene having an inverted repeat 
sequence of a DNA fragment of a target gene (a target sequence) according to the present 
invention. 

(1) Preparation of pRNAi 

An oligonucleotide having an arbitrary adaptor sequence and an inverted 

arbitrary sequence between which a spacer sequence can be inserted in the center is 

synthesized. An oligonucleotide 

(5'-GAGATATTACCTGCAGGTACTCACCCGGGTGAGTACCTGCAGGTAATATCTC 

A-3') having a recognition sequence CCCGGG for the restriction enzyme Smal in the 

center thereof and having A at its 3 ' end was synthesized herein, and this oligonucleotide 

was annealed (Fig. 13B), followed by cloning into a plasmid vector. Since protrusions 

(A) were generated at both 3' ends via annealing, the resultant was cloned into a 

commercially available TA cloning vector (the pGEM-T Easy Vector, Promega) (Fig. 

13 A) to prepare pGEMA (Fig. 13C). Further, a spacer sequence was inserted into the 

center of the cloned inverted repeat sequence (Fig. 13D to 13F). The center portion of 

the inverted repeat sequence of pGEMA was cleaved with the restriction enzyme Smal 

(Fig. 13D), as a spacer sequence, a DNA fragment containing the intron sequence of the 

FAD2 genes from Arabidopsis thaliana was amplified via PGR (Fig. 13E, SEQ ID NO: 

4), and the amplified fragment was inserted with the aid of T4 DNA ligase to prepare 

pGENAS (Fig. 13F). Subsequently, a region containing a cassette construct was 

cleaved with the restriction enzyme EcoKl, the recognition sequences of which are 

located at both sides of the cloning site of an oligonucleotide on the pGEM-T Easy 

14 



Vector, and the cleavage product was inserted and ligated to the EcoRl cleavage site of 
the pBluescript II KS plasmid vector (Stratagene) with the use of T4 DNA ligase to 
prepare pRNAi comprising the recognition sequence for the restriction enzyme EcoRV at 
a position located outside of the adaptor sequence of the cassette construct (Fig. 14). 
Subsequently, the nucleotide sequence of pRNAi was examined via conventional 
techniques. 

(2) Insertion of DNA fragment of target gene (target sequence) into pRNAi 

A target sequence was inserted into a site outside one end of the cassette 
construct on pRNAi. Part of cDNA of a receptor protein kinase gene of zinnia (Z8755, 
DDBJ Accession No. AU293996, T. Demura et al., PNAS, 99, 15794-15799), which had 
been cloned into the pGEM-T Easy Vector (Invitrogen), was inserted into a site outside 
of the adaptor sequence. At the outset, a set of primers corresponding to the sequence 
located outside of the cloning site on the vector; i.e., a forward primer 
(TGTAAAACGACGGCCAGT) and a reverse primer (CAGGAAACAGCTATGACC), 
were used to amplify via PGR a DNA fragment containing cDNA of Z8755, and a partial 
DNA fragment having blunt ends was prepared using the restriction enzyme Afal (SEQ 
ID NO: 5). The resultant was inserted and ligated to the restriction enzyme EcoRV 
cleavage site of pRNAi with the aid of T4 DNA ligase (Fig. 15). 

(3) Preparation of a chimera gene having an inverted repeat sequence of a target 
sequence 

A plasmid comprising a target sequence inserted therein was used as a template 

to conduct PGR with the use of a primer (primer A) designed based on the nucleotide 

sequence of a vector located immediately outside of the target-sequence-insertion site 

and a primer (primer B) designed based on part of a spacer sequence and a nucleotide 

sequence containing an inverted repeat sequence located on the side of the cassette 

construct opposite from the DNA insertion site. In such a case, the amount of primer A 

used was excessively large compared with that of primer B. Thus, a double-stranded 

PGR product comprising a target sequence 2uid an inverted repeat sequence thereof 

separated by a cassette construct was prepared. This is considered to be via a lariat 
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configuration resulting from temporary annealing between the adaptor sequence and the 
inverted adaptor sequence in a single single-stranded PGR product generated upon PGR 
or via a dimmer configuration resulting from temporary annealing between these adaptor 
sequences of 2 single-stranded PGR products, followed by elongation and PGR. As 
shown in Fig. 16, oligonucleotide RNAiF 

(CAGCGGTGGAGGTGGAGGGTATGGATAAGGTTGAT) comprising a nucleotide 
sequence (CCCCTCGAGGTCGACGGTATCGATAAGCTTGAT) located immediately 
outside the recognition site for the restriction enzyme EcoRV of pBluescript II KS and 
having at its 5' end a sequence for cloning into pENTR/D Topo Vectpr (Invitrogen) was 
used at a final concentration of 0.6 |imol/l as primer A. Also, oligonucleotide RNAiR 
(GATTGAGATATTACCTGCAGGTACTCACCCGGGTG) synthesized from a 
complementary strgmd of the 3' end (CACCC) of the spacer sequence and the nucleotide 
sequence (GGGTGAGTACCTGCAGGTAATATCT) of an inverted adaptor sequence was 
used at a final concentration of 0.6 |j.mol/l as primer B. The reaction was carried out in 
50 |il of a reaction solution comprising about 2 ng of a plasmid (pRNAi-Z8755) 
comprising target sequence (a partial sequence of Z8755), 1 |al of thermostable DNA 
polymerase (KOD-Plus-, TOYOBO), 5 ^il of lOx buffer (TOYOBO), 2 ^il of 25 mM 
MgS04 (TO YOBO), 5 ^1 of 2 mM dNTP (TOYOBO), 3 ^1 of 10 RNAiF, and 3 ^l of 
1 )iM RNAiR, and thermal denaturation was carried out at 94°C for 2 minutes, followed 
by the reaction at 94°C for 15 seconds and at 68**C for 3 minutes and 30 seconds. Such 
PGR cycle was repeated 50 times. 

(4) Subcloning of a chimera gene having an inverted repeat sequence of a target 
sequence 

The PGR product amplified via PGR in (3) above was subcloned into a plasmid 
vector via conventional techniques, and the nucleotide sequence thereof was determined 
to examine whether or not the target sequence had an inverted repeat sequence. The 
pENTR/D TOPO vector (Invitrogen) was used as a plasmid vector, and the nucleotide 
sequence was determined via cycle sequencing. 
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Industrial Applicability 

The present invention can be applied to technical fields where transformants and 
knock-out animals or plants are produced via an RNAi technique. 

All publications, patents, and patent applications cited herein are incorporated 
herein by reference in their entirety. 

Sequence Listing Free Text 

SEQ ID NO: 1 represents a ligation product of an adaptor sequence and an 
inverted sequence thereof. SEQ ID NOs: 2 and 3 represent primers. SEQ ID NO: 4 
represents a DNA sequence containing an intron sequence of the FAD2 gene from 
Arabidopsis thaliana, SEQ ID NO: 5 represents a partial DNA sequence of zinnia 
cDNA (Z8755). 
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